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The Honorable Newt Gingrich
Speaker

U.S. House of Representatives
Washington, D.C. 20515

Dear Mr. Speaker:

Iam submitting herewith a Science Committee report on a new national science policy
entitled, “Unlocking Our Future: Toward a New National Science Policy.” This report
was compiled by the Science Committee Vice Chairman Vernon Ehlers. The report is
based primarily on testimony received during Committee hearings, information obtained
from experts in meetings and through the Committee web site, and other documents
reviewed by the Committee.

The world has changed a great deal since the last major science policy statement was
written by Vannevar Bush in 1945. This report is a broad survey of the many aspects that
make up the new national science enterprise. It recommends changes and new goals for
the existing enterprise that will help the United States of America maintain its pre-eminent
position in sctence and technology. It is my hope that this document will serve as a
framework for future deliberations on congressional science policy and funding.

The report contains background information, highlights of the hearings, findings, and
recommendations based on the testimony and other information the Committee has
reviewed. We hope that it will be of value to you and to other Members of Congress, the
Administration, States, and the general public who are interested in gaining a better
understanding of science policy

Sincerely,



Report Overview

he notion of state support for scientific research has existed for

centuries; Francis Bacon called for such funding as far back as the

early 1600s, and some monarchs and nobles responded to his call. It
was not until 1862, however, when the Land Grant Colleges were estab-
lished, that the United States began to organize and provide federal
support for its science and engineering enterprise. Even so, it took until
the outbreak of World War II for the Nation to fully grasp the benefits of
substantial federal support for scientific research. It was at the culmination
of that war, fresh from its lessons, that Vannevar Bush wrote his seminal
document Science: The Endless Frontier.

The political consensus necessary to build today’s science and engi-
neering enterprise was forged largely by the Nation’s needs and priorities
in the period following the second World War, when the threat of total
destruction by nuclear weapons was frighteningly real. Under these
circumstances, the exigencies of the Cold War made science politically
unassailable.

Recent geopolitical changes will have tremendous ramifications for
the scientific enterprise. We are now blessed to live in a time of relative
peace. Today, threats from rogue nations or individuals wreaking terror
have replaced the fear of utter annihilation by the former Soviet Union.
While we must remain ever vigilant and militarily strong, the need to
maintain economic strength has taken on primary importance today. We
now recognize more clearly than ever that economic strength facilitates
not only a strong defense, but promotes other societal needs, such as social
and political stability, good health, and the preservation of freedom.

The growth of economies throughout the world since the industrial
revolution began has been driven by continual technological innovation
through the pursuit of scientific understanding and application of engi-
neering solutions. America has been particularly successful in capturing
the benefits of the scientific and engineering enterprise, but it will take
continued investment in this enterprise if we hope to stay ahead of our
economic competitors in the rest of the world. Many of those challengers
have learned well the lessons of our employment of the research and tech-
nology enterprise for economic gain.
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A truly great nation requires more than simply economic power and
the possession of military might, however. In a truly great nation, freedom
triumphs. Diversity is not just tolerated, but celebrated. The arts flourish
alongside the sciences. And strength is used not to conquer, but to assist.
Economic stability brings more than a high standard of living in the purely
material sense. It also promotes quality of life in the broadest sense.

Pursuing freedom requires confidence about our ability to manage
the challenges raised by our increasing technological capabilities. Ameri-
cans must remain optimistic about the ability of science and engineering
to help solve their problems—and about their own ability to control the
application of technological solutions. We must all possess the tools neces-
sary to remain in control of our lives so that fear of the unknown does not
slow down the pursuit of science. Science and engineering must be used to
expand freedom, not to limit it.

As a nation, we have much to be proud of. But we ought always to
be seeking to improve. Science and technology can play important roles in
driving this improvement. These beliefs—that we can do better and that
improvement can come, at least in part, through a strong science and tech-
nology program—are reflected in the vision that has guided the Commit-
tee on Science in formulating this policy study and in writing this report:

The United States of America must maintain and improve its
pre-eminent position in science and technology in order to
advance human understanding of the universe and all it
contains, and to improve the lives, health, and freedom of
all peoples.

The continued health of the scientific enterprise is a central compo-
nent in reaching this vision. In this report, therefore, we have laid out our
recommendations for keeping the enterprise sound and strengthening it
further. There is no singular, sweeping plan for doing so. The fact that
keeping the enterprise healthy requires numerous actions and multiple
steps is indicative of the complexity of the enterprise. The fact that we
advocate not a major overhaul but rather a fine-tuning and rejuvenation
is indicative of its present strength. It is also not something the Congress
or even the federal government can do on its own—making these mid-
course corrections will require the involvement of citizens and organiza-
tions from across the nation.



Strengthening the scientific and
engineering enterprise

Our recommendations focus on improving three major areas. First,
science—including understanding-driven research, targeted basic research,
and mission-directed research—must be given the opportunity to thrive, as
it is the precursor to new and better understanding, products and processes.
The federal investment in science has yielded stunning payoffs. It has
spawned not only new products, but also entire industries. To build upon the
strength of the research enterprise we must make federal research funding
stable and substantial, maintain diversity in the federal research portfolio,
and promote creative, groundbreaking research. Our challenge is actually
twice as difficult as that which faced Vannevar Bush in 1945: we must main-
tain his legacy of excellence in groundbreaking research for which our
science enterprise has become known, but in addition we must also take
steps to explain the benefits of that research and make its results and bene-
fits broadly known and available.

The role of the private sector is just as important in maintaining the
overall scientific and engineering enterprise. The federal government’s role
in the application of research is naturally limited by the need to allow
market forces to operate, but it is important that we ensure that the context
in which technology-based industries operate is as conducive to the
advancement of science, technology, and economic growth as possible.
Because state-based economic development partnerships are far better
suited to take on a greater role in this area, we have described some of their
unique skills and outlined some of the ways they are already doing so.

Third, our system of education, from kindergarten to research
universities, must be strengthened. Our effectiveness in realizing the
vision we have identified will be largely determined by the intellectual
capital of the Nation. Education is critical to developing this resource. Not
only must we ensure that we continue to produce world-class scientists
and engineers, we must also provide every citizen with an adequate
grounding in science and math if we are to give them an opportunity to
succeed in the technology-based world of tomorrow—a lifelong learning
proposition.

New roles and responsibilities for science

While acknowledging the continuing need for science and engineer-
ing in national security, health, and the economy, the challenges we face
today cause us to propose that the scientific and engineering enterprise

3



ought to move towards center stage in a fourth role: that of helping
society make good decisions. We believe this role for science will take on
increasing importance, particularly as we face difficult decisions related to
the environment. Accomplishing this goal will require, among other
things, the development of research agendas aimed at analyzing and
resolving contentious issues, and will demand closer coordination among
scientists, engineers, and policymakers.

With the conduct of science today often transcending national
borders, it is increasingly in our national interest to participate in interna-
tional scientific collaborations. When it is, we should look to become
involved. Not only will our participation reap direct benefits to our own
research, but it will help spread the scientific ethos of free inquiry and
rational decision-making worldwide and help us realize our vision of
improving the lives, health and freedom of all peoples.

Finally, science must maintain a solid relationship with the society that
supports it. In this report, we have not only suggested ways in which the
scientific enterprise itself can be strengthened, but also ways to fortify the
ties between science and the American people. Whether through better
communication among scientists, journalists, and the public, increased
recognition of the importance of mission-directed research, or methods to
ensure that, by setting priorities, we reap ever greater returns on the
research investment, strong ties between science and society are para-
mount. Re-forging those ties with the American people is perhaps the single
most important challenge facing science and engineering in the near future.

Engaging in an ongoing process

We make no claim to have all of the answers or possess the ability to
identify all of the steps necessary to reach our vision. Instead, this report
attempts to lay out, in broad strokes, the problems we must address and
constitutes the beginning of a lengthy process that we must all engage
in together.

Finally, we recognize that as important as science and technology are,
they are not ends in themselves. Neither science nor technology are
panaceas for our Nation’s or the planet’s most troubling problems.
Neither can guide morality nor substitute for idealism. Instead, science
and technology are among the many tools to be used in building an even
stronger Nation and safer planet.



|. Background and Introduction

A. The Speaker’s Charge

On February 12, 1997, the Speaker of the United States House of
Representatives, Newt Gingrich, sent a letter to House Committee on
Science Chairman F. James Sensenbrenner, Jr. outlining a charge to the
Committee to develop a long-range science and technology policy for the
Nation. Excerpts of that letter follow:

The United States has been operating under a model developed by
Vannevar Bush in his 1945 report to the President entitled Science:
The Endless Frontier. It continues to operate under that model with
little change. This approach served us very well during the Cold
War, because Bush’s science policy was predicated upon serving the
military needs of our nation, ensuring national pride in our scien-
tific and technological accomplishments, and developing a strong
scientific, technological, and manufacturing enterprise that would
serve us well not only in peace but also would be essential for this
country in both the Cold War and potential hot wars.

With the collapse of the Soviet Union, and the de facto end of the
Cold War, the Vannevar Bush approach is no longer valid. Appeal-
ing to national pride in the sense that “Our science is better than
your science” is no longer meaningful to the American public. The
needs of our military mission today are far different, and the
competitions we are engaged in now are less military and largely
economic. Science today is an international enterprise, and we must
assume a leadership role in guiding international science policy.

I know that Vern [Ehlers] has discussed science policy with many
academic and scientific leaders from across the country and has
received a positive response from the scientific community. I
believe it would be a powerful role for Vern to lead, with your
advice and support, the House in developing a new, sensible, coher-
ent long-range science and technology policy.



B. Committee Actions

In addressing the Speaker’s challenge, Science Committee Chairman
Sensenbrenner asked Vernon Ehlers, the Committee’s Vice Chairman, to
lead a Committee study of the current state of the Nation’s science and
technology policies. Mr. Ehlers was also charged with outlining a frame-
work for an updated national science policy that can serve as a policy
guide to the Committee, Congress and the Nation.

A number of different approaches were used to gather input for the
study: seven' hearings were held before the full Science Committee, two
roundtable discussions were convened, and a web site was set up, through
which the public could participate. In addition, interactions between the
scientific and science policy communities and the Committee were facili-
tated by the speeches and other public appearances made by Mr. Ehlers
and the Chairman, and in meetings between interested parties and the
Congressman, staff, or both. All of these exchanges were crucial to gather-
ing input into the important issues facing the national scientific enterprise.

C. A Vision for the Future

The hopes of a nascent Nation and her
Where there is no vision, people were elegantly simple: life, liberty and
the people perish. the pursuit of happiness. In the cegturies si.nce
the blood of our ancestors was shed in pursuit of
Proverbs 29:18  (hose ideals, the Colonies that became the
United States were transformed from aspiring
Nation into the world’s single greatest power. And yet, the original ambi-
tions maintain their import to this day, as freedom must be vigilantly
protected, good health is not ensured and prosperity is not yet enjoyed by
all. Thus pursuit of the same basic objectives as those of our Nation’s fore-
fathers continues to propel us forward.

Our Nation continues to grow and develop in the context of a world
that has witnessed vast changes. Today, no nation’s economy can remain
isolated; commerce links us all. Once-feared plagues have been rendered
virtually obsolete while equally lethal ones have arisen. Our explorations
range from the depths of the Earth’s oceans to the hostile surfaces of our
moon and neighboring planets, and our observations extend to the far
corners of our universe and the interior of the atomic nucleus. Weapons
capable of unfathomable destruction can be wielded from opposite sides of
the globe by the touch of a button. Information is nearly instantaneously
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available and can be accessed from anywhere on the planet—and even from
the reaches of space. Human impact on the planet, if left unchecked, may
threaten the very resources we depend on for life. These changes tie the fate
of all of humankind more closely together than perhaps ever before.

Facing tomorrow’s challenges demands that we be armed with the
power that is gained by knowledge and manifested in ingenuity. More
than ever before, it will be our ability to gain a better understanding of our
universe and all it contains, and to channel that
understanding into solutions, that will enable us to  Facing fomorrow’s challenges
realize the ideals our Nation holds sacred—and
that others may aspire to. For the United States of
America, continued leadership in science and tech- with the power that is
nology will enable us to pursue the discovery and gained by knowledge and
innovation that leads to better lives, improved
health, and greater freedom for all peoples, as the
advances generated and stimulated by science do
not remain bound by geographic borders. A vigorous and sustainable
American science and technology enterprise may be our most important
legacy to future generations. This conviction is reflected in the following
vision statement, which forms the foundation of this document and guided
the Committee’s work:

demands that we be armed

manifested in ingenvity

The United States of America must maintain and improve its
pre-eminent position in science and technology in order to
advance human understanding of the universe and all it contains,
and to improve the lives, health, and freedom of all peoples.

D. Science in Context

The scientific enterprise in the United States represents one of our
country’s greatest strengths. It is an enterprise characterized by intricate
interrelationships between governments, industry, and universities. It draws
strength from the American eagerness to innovate, our entrepreneurial
spirit, and a research and technology base of considerable depth and
strength. However, this enterprise cannot be expected to remain strong
without attention. We must ensure that its components are functioning well,
and that the interactions between the various players in it are productive.

Understanding the workings of the overall scientific and technology
enterprise benefits from an awareness of the nature and practice of
science itself. Science is fundamentally an inquiry-driven process; curios-
ity is at its core. It is a process of learning and discovery, not simply an
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accumulation of facts. Scientists seek to unlock the secrets that Nature
holds, and since these secrets are closely held, only the clever and persis-
tent questioner elicits answers. Thus pursuit of scientific understanding
requires both intellectual dexterity as well as independence of thought.
Although technology often finds its urging in necessity rather than curios-
ity, it requires no less resourcefulness and creativity in its pursuit.

These underpinnings in motive—curiosity versus need—have led to
the designation of science as either “basic” or “applied.” In the simplified
versions of these descriptions, basic research is performed by academic
researchers in search of knowledge, and applied research is carried out by
inventors or industry researchers in pursuit of new and better products.
These are artificial distinctions, as producing a new product, whether it is
a microchip or a vaccine, often requires an understanding of underlying
scientific principles. Similarly, insight into how or why something works
often demands new tools. Thus the relationship between so-called basic
and applied research is far from simple; it is instead complex, dynamic and
interdependent.*

Vannevar Bush’s writings in Science: The Endless Frontier,} which
despite being more than 50 years old are still largely recognized as the
basis for the Nation’s existing science policy, reinforced the simplified
demarcation between basic and applied research. Dr. Bush implied a
linear relationship between them, with basic research directly giving rise
to applied research and product development. Interestingly, Bush’s own
experiences as an inventor, engineer and researcher suggest that he
understood the subtleties of the relationships between fundamental
research and its development into applications far better than he allowed
in his report. He was, in fact, a co-founder of technology-based companies
while a researcher at MIT and, perhaps most importantly, directed the
Office of Scientific Research and Development during WWII. In this
latter position, he was responsible for bringing together scientists—mostly
university researchers accustomed to pursuing their own curiosity—with
engineers and technicians to develop the tools that helped win the war,

*While recognizing the intricacy of the relationship between basic and applied
research, the terms, however inadequate, have become part of the scientific vernacular
and are therefore useful. To be clear, the term “basic” research in this document refers
to research that is driven largely or entirely by the desire to better understand a given
system or property, and is used interchangeably with terms such as “fundamental” or
“understanding-driven” research. “Applied” research describes research that is done
largely or entirely with the goal of perfecting a process or product.
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such as radar, the proximity fuse and the atomic bomb. He was thus well
aware of the synergy that can exist between basic and applied science.

The linear model describing the relationship between basic and
applied research nevertheless made for an appealingly simple policy
prescription, one that has become Dr. Bush’s greatest legacy to science in
the U.S. It was Bush who, recognizing the downstream benefits of science
performed in the laboratory, suggested emphatically in Science: The Endless
Frontier that the federal government facilitate this research by funding both
researchers in the Nation’s colleges, universities and National laboratories,
and the costs of training the next generation of scientists. He indicated in his
report that this research be done in support of three major goals: improving
national security, health, and the economy.

The Bush Report and the subsequent influx of federal dollars into
the Nation’s research universities shaped the scientific enterprise dramat-
ically. Before WWII, most scientific research pursued in American univer-
sities was funded by the universities themselves, by charitable foundations,
or by private industry. Federal funding for university research was
restricted largely to agricultural research, done primarily in the Nation’s
Land Grant Colleges. Science performed in the United States in this first
mega-era of science policy was of high quality, but it was done on a small
scale, and often with scant funding.

In the Bush-shaped, post-WWII era, the federal government funded
an increasing share of research in the Nation’s universities. These universi-
ties became centers of research excellence and the training grounds for
future scientists and engineers unrivaled in the rest of the world.

Science—and science funding—during this second mega-era was
affected greatly by the Cold War. Bush did not write his document with
the intention of its being a Cold War manual; it was written in the brief
window between assured victory in WWII and the onset of the Cold War.
Nevertheless, the Cold War had an indelible effect on the scientific enter-
prise, as it provided a compelling rationale for research funding. Indeed,
federal research dollars poured into science and technology during this
period. The entire enterprise grew; greater numbers of research universi-
ties sprang up, more graduate students were trained to become scientists,
and entire industries based on new technologies were founded. By 1961
the military-industrial complex had grown so powerful that President
Eisenhower warned in his Farewell Address of the potential danger its
dominance could have. He also expressed concern that either the scien-
tists or the policymakers would become co-opted by the other.
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The end of the Cold War had a profound impact on the Nation’s
research and development enterprise, and brought with it the end of the
second mega-era of science policy. Without the backdrop of the Soviet
military threat or the race to conquer outer space, convincing and often-
used justifications for federal research funding became less compelling.
Since then, the budgetary pressures exerted on research funding have
grown. Today, while overall economic prospects appear favorable, growth
of federal entitlements such as social security, health care and welfare
threaten to overwhelm the federal budget and constrain discretionary
spending—including funding for science—even further.

Our national experiment of federal funding for scientific research,
however, has yielded enormous payoffs. In addition to fueling discoveries
that save and improve lives, federally funded research represents an
investment in the purest sense of the word, as it delivers a return greater
than the initial outlay. Regardless of whether the relationship between
basic and applied research is linear or more complex, the fact remains that
the government’s investment in fundamental research has yielded real
dividends in every discipline—from astronomy to zoology.

For example, research on the molecular mechanisms of DNA, the so-
called “blueprint of life,” led to recombinant DNA technology—gene
splicing—which in turn spawned an entire industry. Experimental and
theoretical studies of the interaction of light with atoms led to the predic-
tion of stimulated emission of coherent radiation, which became the foun-
dation of the laser, a now-ubiquitous device
Our national experiment of with uses ranging from the exotic (surgery,
precise machining, nuclear fusion) to the every-
day (sewer alignment, laser pointers).
research, however, has We are currently in the third mega-era of
yielded enormous payoffs... science policy. In this time of global commerce
and communication a strong economic founda-
tion will be paramount in achieving the vision of
in fundamental research has  improving the lives, health and freedoms of our
yielded real dividends in Nation’s citizens. A fragile national economy
poses potentially grave ramifications. Without a
strong economy, the national defense may be
astronomy to zoology. compromised. Basic health care may be limited,
and biomedical research becomes a luxury.
And without a strong economy, all citizens face far greater obstacles to
partaking in the benefits of progress.

Science, driven by the pursuit of knowledge, and technology, the
outgrowth of ingenuity, will fuel our economy, foster advances in medical

federal funding for scientific

the government’s investment

every discipline—from
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research, and ensure our ability to defend ourselves against ever more
technologically-advanced foes. Science offers us an additional benefit. It
can provide every citizen—not only the scientists who are engaged in it—
with information necessary to make informed decisions as voters,
consumers and policymakers. For the scientific enterprise to endure,
however, stronger ties between this enterprise and the American people
must be forged. Finally, our position as the world’s most powerful nation
brings opportunities as well as responsibilities that science and its pursuit
can, and should, address.

This report seeks to outline the steps needed to bring about these
goals from a national, not simply a federal government, perspective. That
is, the science policy described herein outlines not only possible roles for
federal entities such as Congress and the Executive branch, but also
implicit responsibilities of other important players in the research enter-
prise, such as states, universities and industry. We believe such a compre-
hensive approach is warranted given the highly interconnected relation-
ships among the various players in the science and technology enterprise.

In taking this broad view, our goal is to outline general principles and
guidelines and to point out the importance of applying the discoveries
from fundamental science to our daily lives and our needs. What our coun-
try needs now is not a complete re-structuring of our scientific enterprise,
but instead an evaluation of our Nation’s science and technology policies,
and a determination of what changes are required to ensure the long-term
health of this enterprise.

E. Toward an Updated National Science’ Policy

The prevalence of science and technology in today’s society is
remarkable. Transportation, communication, agriculture, and medicine are
but a few of the sectors of our society that have felt the impact made by
advances in research and developments in technology. Yet rarely, if ever, do
we stop to contemplate the system that fosters these changes that so greatly
shape our society: the scientific and engineering enterprise.

This enterprise is much like any other massive, complex system. It has
tremendous inertia and can keep functioning in the absence of any appar-
ent direction. Indeed, as with any highly successful venture, it is tempting
simply to stand back, admire its success, and assume it will maintain a

"In general, the term “science” in this report is used in its broadest form, and,
unless stated otherwise, should be interpreted as including the physical, natural, life
and social sciences, mathematics and engineering.
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steady forward course on its own. To do so, however, would be a mistake.
No entity as vast, interconnected, and diverse as the science and engi-
neering enterprise can successfully operate on auto-pilot perpetually.

As stunning as the gains from this enterprise have been, continued
rapid advancement in many scientific and engineering fields suggests
times of even greater progress lie ahead. Dramatic developments in
communication, information and computational technologies alone
promise to revolutionize our lives even further. Advances in these fields
will change the way science is performed and expand its capabilities
dramatically. They will influence the ways we teach and learn—perhaps
even the way we think. Our scientific adventures are far from over.

America has, however, no intrinsic title to the dividends that science
can bring; these proceeds must be earned. Past gains can be passed on to
succeeding generations, but future progress requires continuous effort.
The poor performance of our Nation’s school-age children in math and
science and the ineffectiveness of post-secondary science and engineering
programs in engaging the interest of more of our Nation’s youth are
among the significant warning signals we ought to heed if we are to main-
tain our status as the world leader in science and technology.

If we adopt complacency in addressing the changes faced by the
scientific enterprise in this country we risk our pre-eminence as a nation.
Change in our democratic system, however, must not—indeed cannot—
come from any one authority. The continued search for solutions and their
eventual execution will require an ongoing commitment from all sectors of
the science and engineering enterprise.
America has, however, no Outlined herein are problems that need to be
addressed, and, in many cases, possible solu-
tions. This report constitutes the beginning of a
that science can bring; these  process of addressing change, not the end.

We find ourselves at an opportune time
to address necessary changes. We have
Past gains can be passed on  wjtnessed the benefits that have come from
to succeeding generations, our earlier investments in science and technol-
ogy. New discoveries in a diverse number of
fields promise great advances. Our economy is
continvous effort. strong. It is at times like this that we must look
to the future.

Three basic components of the scientific enterprise require strength-
ening if we are to ensure its success into the 215t century and thus realize
our goals of improving the lives, freedom and health of all peoples. First,
as discussed in Part I, Ensuring the Flow of New Ideas, we must ensure

intrinsic title to the dividends

proceeds must be earned.

but future progress requires
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that the well of scientific discovery does not run dry, by facilitating and
encouraging advances in fundamental research.

Second, we must see that this well of discovery is not allowed to stag-
nate. That is, discoveries from this well must be drawn continually and
applied to the development of new products or processes, (Part 111, The
Private Sector’s Role in the Scientific Enterprise), to solutions for societal
or environmental challenges (Part IV, Ensuring that Technical Decisions
Made by Government Bodies are Founded in Sound Science), or simply
used to establish the foundation for further discoveries.

Finally, we must strengthen both the education system we depend
upon to produce the diverse array of people—from scientists and engi-
neers to technologically-proficient workers and informed voters and
consumers—who draw from and replenish the well of discovery, as well as
the lines of communication between scientists and engineers and the
American people. These goals are outlined in Part V, Sustaining the
Research Enterprise—The Importance of Education and Communication.

The national needs that drove Vannevar Bush’s vision for the role of
science and technology in society are still compelling, and, as set out in the
preceding section and implicit in the entire report, they remain a powerful
force behind the need for a strong and sustainable scientific enterprise.
Recent times have seen the emergence of a fourth rationale, as environ-
mental threats have taken on increased urgency. Because greater scientific
understanding of environmental issues is critical in addressing them prop-
erly, investment in research aimed at informing important decisions, such
as whether and how to deal with specific environmental concerns, will be
increasingly important. Thus four goals (national security, health, the econ-
omy and decision-making) constitute the foundation for this report and its
recommendations.
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Il. Ensuring the Flow of New Ideas

A. The Importance of Understanding-driven Research

New scientific ideas form the foundation of the
You mrely find the research enterprise. Without them, development
most imporiunt Ihings would be stifled; our economy would stall. Hope for

. . those with dreaded diseases would fade, and our
bY dehber(ﬂe'Y |°°k|“9 defenses would be vulnerable. Yet the breakthroughs

for them. that form this foundation cannot be predicted or
summoned upon demand. Instead, important discov-
i ften come from unexpected avenues.
Joshua Lederberg, (1925— eres o P
]95; e fg ’Ih( ) Consider the work of Stanley Cohen and
recipient of the

Herbert Boyer some 30 years ago, when they were
Nobel Prize in Medicine ~ [1995] among the many scientists experimenting on DNA.
Like a number of other researchers in the young
field of molecular biology, they were asking fundamental questions about
the nature of genetic material. They were working independently of each
other, trying to answer questions about such odd-sounding things as
bacterial enzymes and mini-chromosomes called plasmids. A fortuitous
meeting, however, led to a collaboration that precipitated a revolution in
the field: the discovery of recombinant DNA technology. The technique
they pioneered is now a staple of the life scientist’s toolbox and made
genetic engineering—and hence the biotech industry and many of the
medical discoveries of today—possible.

At about the same time, an entirely different scientific discipline
yielded an equally unanticipated but important discovery. Ronald Rivest,
Adi Shamir and Leonard Adleman were engaged in research on compu-
tational complexity, a sub-discipline of theoretical computer science. Their
pursuit of abstract mathematical concepts led them, however, to the foun-
dation for public key encryption, a mathematics-based methodology that
can be used to protect electronic information. Today, many years later,
their discovery is felt profoundly, as encryption not only protects from
prying eyes the e-mails we send, but also has made the burgeoning realm
of electronic commerce viable by ensuring the confidentiality and security
of internet-based financial transactions.
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The scientists involved in these diverse pursuits had more than their
scientific curiosity in common. Their quests for knowledge were all
funded, at least in part, by the U.S. government. The above examples of
basic research pursuits which led to economically important develop-
ments, while among the most well known, are hardly exceptions. Other
instances of federally funded research that began as a search for under-
standing but gave rise to important applications abound. In fact, a recent
study determined that 73 percent of the applicants for U.S. patents listed
publicly-funded research as part or all of the foundation upon which their
new, potentially patentable findings were based.’

The researchers described above might never have made their
discoveries were it not for funding from the federal government. No
company or private investor would have funded their scientific inquiries
because, at the time, no payoff other than the gain of knowledge could
have been foreseen.

New discoveries that will lead to equally important future break-
throughs are being performed in laboratories across the country today. It
may take 5, 20, even 50 years before we derive the payoffs from some of
this research, but once the returns are realized, we will wonder how we
could ever have considered not funding it. Such 20-20 vision comes only
with hindsight, of course. At the time a decision to fund a particular
project is made, no guarantees exist.

Investment in basic research involves a willingness to take risks for
eventual gain; for every revolutionary discovery there are other lines of
research that yield far less momentous results. Such is the nature of basic
research. The results carry the potential to lead to important or unex-
pected advances, but no assurances. Were a particular outcome of any
given research project known in advance, the project would not truly be
basic in nature.

James S. Langer, Professor of Physics at the University of California
at Santa Barbara, summed up the essence of this point in an e-mail contri-
bution to this Science Policy Study. “History tells us,” he wrote, “that even
the greatest scientists could not consistently point out the most profitable
directions for research or predict the implications of their own discoveries.
Newton spent a large part of his career studying alchemy. Einstein devoted
the second half of his life to problems that we now know could not be
solved without modern discoveries in elementary-particle physics. Bardeen
grossly underestimated the importance of his invention of the transistor, as
did most major U.S. industrial corporations at the time...While I am
certain that we shall see remarkable scientific advances in the near future,
I am equally certain that we cannot trust scientists, engineers, or public
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policy experts to predict where those advances will occur or in what ways
they will have their greatest impacts.”

The scientist or engineer pursues basic research in order to under-
stand more about our universe and all of its creatures. While we may draw
other benefits from these explorations—improvements to health, the
economy, national security, our quality of life—we must not lose sight of
the fact that the pursuit of knowledge alone is a worthy endeavor.

1. The basic research investment

It is in our best interests as a nation to enable our scientists to
continue to pursue fundamental, ground-breaking research. Our experi-
ence with 50 years of government investment in research has demon-
strated the economic benefits alone associated with this investment. Econ-
omists’ estimates as to the effect of technology on the growth of the
Nation’s economy vary, depending, in part, upon whether they are calcu-
lating private or public rates of
The quick harvest of applied science is return. A report from the Commit-

. e tee for Economic Development,® in
the usable process, the medicine, the citing a 1993 study” estimated a

machine. The shy fruit of pure science consensus rate of return to private
is understanding. firms from investments in research
. at 20-30 percent. The Congressional
Lincoln Barnett, (1909-1979) Budget Office concluded recently
American writer, [1950]  that the public rate of return from
research ranges from 30 to 80
percent;® a 1992 study’ cited in a report from the Progressive Policy Insti-
tute’ indicated that 49 percent of economic growth could be attributed to
technological progress."! Regardless of the actual figures, few economists
disagree that the federal investment in research pays real economic divi-
dends. One need only consider the effect on the economy of the biotech
and high-tech industries, both of which owe much of their success to
advances in basic research, to understand the tremendous benefit to the
economy that basic research expenditures can bring.

In his appearance before the Committee, Mr. George Conrades, the
President of GTE Internetworking and a trustee of the Committee on
Economic Development (CED), affirmed the CED’s belief in the impor-
tance of the federal investment in basic research: “America’s long-standing
endowment of basic research has been overwhelmingly successful, provid-
ing American society with not only new knowledge but also the practical
benefits of economic growth and improvements in the welfare of its citi-
zens. .. Because federal support is essential for a thriving basic research
enterprise, the long-term federal budget outlook is critical. Basic research
should be a high priority in federal budgets in the decades to come.”
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Other countries, such as Japan® and South Korea," have recognized
the success of American science and the downstream benefits that govern-
ment funding of basic research bring and have begun to surpass the U.S.
in funding expressed as a percentage of the Gross Domestic Product. If we
are to retain our technology-based economic edge in the future, we must
not allow this investment to dwindle. Funding of basic research today will
be a major determinant of future economic strength. We have the
resources to make this investment, and we owe it to succeeding genera-
tions to use them.

Because the scientific enterprise is a critical driver of the Nation’s
economy, investment in basic scientific research is a long-term
economic imperative. To maintain our Nation’s economic strength
and our international competitiveness, Congress should make
stable and substantial federal funding for fundamental scientific
research a high priority.

2. Making choices in the face of limited federal resources

The above recommendation comes with the recognition that,
notwithstanding the short-term projections of budget surpluses, the
resources of the federal government are limited. In fact, the discretionary
portion of the federal budget, which must fund all of the government’s
programs and operating expenses, including defense, has shrunk to
approximately one-third of the overall budget. This is down from nearly
two-thirds in 1962, and the decrease is due to the growth of non-discre-
tionary spending for federal entitlements and interest on the national
debt, as the figure below shows.

Squeezing Science From the Federal Budget

1962 1980 1998

[ Discretionary and Defense
[] Interest on Debt
Source: CBO [ Entitlements
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To put the current spending for basic research in perspective,
consider the National Science Foundation’s funding: it is approximately
equal to the width of the line separating the different portions of the pie
in the preceeding chart. Besides making research funding a higher prior-
ity, making room for any future increases in spending for scientific
research means controlling entitlement spending and reducing the federal

studies even in the face of

debt.
Our challenge, now and in the The resources of the federal government
. L will always be limited in that there are always
future, will be to maintain a greater numbers of worthwhile projects than

there are dollars in the treasury to fund them.
Our challenge, now and in the future, will be to
driven scientific and engineering  maintain a steady flow of understanding-
driven scientific and engineering studies even
in the face of limited federal resources. Meet-
limited federal resources. ing this challenge means that priorities for
spending on science and engineering by the

steady flow of understanding-

federal government will have to be set. While it is clear that industry does
fund a substantial amount of basic research, and that the federal govern-
ment has funded, and in certain circumstances should continue to fund,
research of a more applied nature, industry cannot be expected to fund
research that has no guarantee of practical applications. Therefore, major
funding for basic research must come from the federal government.

Because the federal government has an irreplaceable role in fund-
ing basic research, priority for federal research funding™ should be
placed on fundamental research.

3. The role of the individual investigator in the research enterprise

The primary channel by which the government stimulates knowl-
edge-driven basic research is through research grants made to individual
scientists and engineers. Typically, these funds go to professors who lead a
university-based research team, but in some cases, researchers in non-
profit research centers, hospitals or even in industrial settings or federal

"' The phrase “federal research funding” requires clarification. This term is used
throughout the report to refer to the roughly $35 billion spent by the federal govern-
ment on research and development that does not include the Department of Defense’s
weapons development accounts. The 1995 National Research Council report’s Allo-
cating Federal Funds for Science and Technology, (the “Press Report”) definition of a
“Federal Science and Technology budget” should be considered synonymous with the
use of the phrase “federal research funding” in this document.
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laboratories receive this type of funding
for basic research projects. These investiga-
tors are critical to the effort to carry out of assisting the advancement
creative, innovative, fundamental research
that expands the boundaries of scientific
understanding. men of genius, backing them
To obtain these grants, the researchers heuv“y, and Ieuving them to
must vie for the limited federal funding
available in a competitive process that is
based on peer review. In his testimony, Mr.  James B. Conant (1893—1978)  [1945]
Conrades underlined the important role
these scientists play in the scientific enter-
prise “...we revere the important role of the individual investigator,
particularly the academic researcher who we believe to be at the core
strength of the U.S. research enterprise as they compete for federal
monies.” ' Direct funding of the individual researcher must continue to be
a major component of the federal government’s research investment, as it
is the ideas generated by individual scientists that are in large measure
responsible for the creative directions that basic research takes.

There is only one proved way

of pure science—that of picking

direct themselves.

In order to facilitate basic research, the federal government should
continue to administer research grants that include funds for
offsetting indirect costs and use a peer-reviewed selection process,
to individual investigators in universities, non-profit research
centers, hospitals, and some industrial laboratories for support of
investigator-driven, non-commercial research. Other federal agen-
cies should consider increasing the use of this method of support-
ing and encouraging research.

4. Stimulating innovation in basic research

Creativity, or scientific risk-taking, is critical to opening up new
avenues of research and bringing about exciting advances. Yet, as the
research enterprise—and the number of scientists within it—has grown,
competition for peer-reviewed grants has become fierce. If limited fund-
ing and thus intense competition for grants causes researchers to seek
funding only for “safe”—that is, incremental—research instead of
research that challenges the status quo or pushes the boundaries of
conventional wisdom, the research enterprise as a whole will suffer.

Indications that truly innovative research may be being stifled were
presented by another witness before the Committee, Dr. Michael Doyle,
Vice President of the Research Corporation, a private foundation dedicated
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to providing grants to scientists for pursuit of research. In describing the
Research Corporation’s Research Innovation Awards program, which was
designed to fund young faculty for pursuit of innovative scientific projects
that did not necessarily follow upon their prior work, Dr. Doyle stated
that the program funded far fewer applications than it had originally
intended to because most were not significantly innovative. “There was an
unexpected uniformity in evaluations which suggested that we were deal-
ing with a systemic problem rather than an isolated occurrence. Our inter-
pretation of this is that ‘innovation’ presents considerable risk to a new
faculty member concerned with obtaining the necessary resources to
establish a research program.”"

He went on to state that, “With federal funding sufficient to support
only those proposals having the highest rankings, those with lower rank-
ings but higher levels of innovation are left unfunded.” A similar view was
offered by Dr. Homer Neal, Professor of Physics at the University of
Michigan. “Numerous forces exist that will tend to blunt the efforts of
those who dare to propose radically new ventures...The emphasis on
paradigm conformity for faculty [is one example] of how we can gradually
lose some of the creativity that we have long cherished as a mainstay of
our technological success.” *

Many of the e-mail contributors to the study summed up the situa-
tion far more bluntly. Said one such commentator, Suzanne Rutherford, a
post-doctoral fellow at the University of Chicago: “There are no rewards
for risky science. It is too important to publish.”

Stifling the creativity so important to the progress of science poses
significant dangers to the long-term health of the research enterprise and
must be avoided. Particular care should be taken in ensuring that scien-
tists in the early stages of their research careers are able to capitalize on
the energy and vitality their new ideas bring to the overall research enter-
prise. Identification of scientists who show tremendous potential—even
when many of their ideas are unorthodox—should also be pursued, and
funding for these particularly gifted scientists provided.

Because innovation and creativity are essential to basic research
and must be encouraged, the federal government should consider
allocating a certain fraction of grant monies specifically for the
pursuit of particularly creative, groundbreaking research. This will
require development of a system for reviewing these grant applica-
tions that depends on peer-review but takes into account the spec-
ulative nature of the proposed research.
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5. Maintaining diversity in the basic research portfolio

The practice of science is becoming increasingly interdisciplinary,
and scientific progress in one discipline is often propelled by advances in
other, often apparently unrelated, fields. For example, who would have
thought that nuclear physics research (the study of the inner workings and
properties of the atomic nucleus) and data gathering techniques devel-
oped for experiments on elementary particles (quarks and such) would
lead to a device that has advanced the boundaries of biomedical research
and health care? Yet both of these lines of inquiry led ultimately to
Magnetic Resonance Imaging (MRI), a tool now used in laboratories and
hospitals around the world both to conduct basic biological research and
also to diagnose illness. Such cross-over between fields is yet another
example of the unexpected payoffs that can come from basic research.

In some cases, a scientific advance may languish in obscurity for a
significant length of time before it abruptly surfaces in the context of some
new, unexpected development. For example, the (largely unsuccessful)
search for a viral basis for human cancers led to the discovery of a unique
category of viruses with unusual characteristics, called retroviruses, in the
1970s. It was not until many years later that a member of this class of
viruses took on great significance as the probable cause of AIDS.
Suddenly, the earlier body of work on what had seemed to be an interest-
ing but not particularly practical avenue of study enabled the fight against
AIDS to progress far faster than it would have had the earlier work not

Trends in Nondefense R&D by Function, FY 1960-99
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been pursued. In an example which illustrates an even greater lag time
between initial discovery and eventual application, Boolean algebra was
developed in 1854, but did not find widespread application until the devel-
opment of modern computers.

Funding across a wide range of disciplines is important to the
strength of the overall research enterprise. However, the current popular-
ity of certain fields, primarily health-related ones, threatens to undercut
funding in other disciplines (see graph previous page). As Mr. Conrades
stated in his testimony, “While federal and public priorities will require
that some research areas and disciplines receive more funding than
others, it is important for policymakers to recognize the imperative of an
overall balance in the portfolio of federal basic research...The current
trend to concentrate more and more federal money on health research
while neglecting other areas of science and engineering is shortsighted.”"

It is important that the federal government fund basic research in a
broad spectrum of scientific disciplines, including the physical,
computational, life and social sciences, as well as mathematics and
engineering, and resist overemphasis in a particular area or areas
relative to others. In addition, while excellence within a particular
discipline must continue to be encouraged and supported, changes
in the peer review process that make it easier to obtain funding for
inter-disciplinary research should be developed.

B. Science for Society

Understanding-driven research makes up an important, but limited,
segment of the federal government’s overall research portfolio. Much of
the research funded by the federal government could more accurately be
called “targeted basic research.” This term
Concern for man himself and his  describes research that is largely basic in
fate must always form the chief nature but is done with a sense that some
downstream use may exist—but is not
done in direct pursuit of a specific applica-
... Never forget this in the midst  tion. This targeted basic research occurs in
of your diagrams and equations. the mission-oriented national laboratories

and federal agencies, and is also pursued
Albert Einstein (1879-1955) [1931] by many of the scientists funded by indi-
vidual federal grants.

More than one witness pointed out the tenuous distinction between
purely understanding-driven basic research and targeted basic research in
testimony before the committee. Said Claude Barfield, Director of

interest of all technical endeavors
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Science and Technology Policy Studies at the American Enterprise Insti-
tute, “While much science is conducted out of curiosity and the desire to
explore the unknown, it is also true that a great deal of scientific research
since 1945 has been targeted to particular problems and applications—
indeed, it is striking that it is precisely in the areas where the federal
government has targeted scientific resources that the United States has
emerged with technological predominance—high-end electronics, phar-
maceuticals, genetics and aeronautics.””

Mr. Conrades underscored this point in his written testimony. “A
common misperception is that fundamental research is conducted in an
ivory tower, with no regard for practical benefits. On the contrary, a
consistent virtue of U.S. basic research has been the pursuit of fundamen-
tal knowledge with a sharp eye out for downstream applica‘[ions.”21

Government agencies such as the National Aeronautics and Space

Administration (NASA) and the National Institutes of Health (NIH),
and cabinet level departments—Defense and Energy, for instance—
employ science in pursuit of their missions. As such, a great deal of
the science that is performed in or
funded by these agencies or depart- “A common misperception is that
ments is driven at least as much by the
overarching goals of the agency or
department as it is by the research inter- gy ivory tower, with no regard for
ests of an individual researcher.
Although this research is typically basic Pracfical benefits. On the contrary, a
in nature, in that no immediate or even
short-term objective is sought, it is
nevertheless performed with long-term, has been the pursuit of fundamental
overriding goals in mind.

The Department of Defense has
been highly successful in funding downstream applications.”
targeted basic research, to the better-
ment of both the national defense and science as a whole. Its mission,
which is arguably more straightforward than many of the other agencies
and departments that fund science, is first translated into specific priori-
ties. Funds for basic research that are aimed at addressing these goals—
targeted basic research—are allocated in the form of competitively-
selected, peer reviewed “6.17% research grants over 50 percent of which go
to individual university researchers.” The researchers funded by these
grants do high-quality, innovative research that often leads to advances
important for all of science and, equally importantly, to the development
of civilian technologies.

fundamental research is conducted in

consistent virtue of U.S. basic research

knowledge with a sharp eye out for
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At the same time, the Department of Defense and its in-house
researchers are able to draw from the results these scientists produce and,
upon further development or refinement, turn them into new advances for
protecting national security. The Internet, which was originally a Defense
Advanced Research Projects Agency (DARPA)-sponsored project
sparked by the military’s need for advanced field communications, is one
example of targeted basic research sponsored by the Defense Department
that paid off for science as a whole while furthering the Department’s
objectives at the same time. That the Defense Department’s 6.1 research
grants have been successful in stimulating high-quality fundamental
research is indicated by the fact that these grants provided funding for 66
Nobel prize winners before they won their prizes.”

1. Research with a mission

Research within federal government agencies and departments
ranges from purely basic, knowledge-driven research, to targeted basic
research, applied research and, in some cases, even product development.
Research in the Department of Defense, for example, spans this entire
spectrum. The Defense Department decides upon certain 6.1 projects to
pursue further, with selected projects receiving 6.2 research funding. This
research, which is generally applied in nature, is done primarily in indus-
try and in-house defense laboratories. It bridges the gap between the basic
6.1 research and 6.3 research, which is in essence product development.
This multi-step process provides a clear mechanism for establishing prior-
ities based in part upon the success or failure of earlier steps.

Other departments and agencies do not necessarily require an
equally formal structure for prioritizing, and, of course, most of the other
agencies and departments do not produce products and so do not need to
proceed as far down the research spectrum. However, in all mission-
oriented departments and agencies, once overall missions have been
clearly identified, research priorities that reflect the relative importance of
specific areas of study need to be set. The infrastructure needs necessary
for carrying out essential federal R&D programs must then be assessed
consistent with the agency’s or department’s mission and priorities.

In some cases, Congress may decide to pursue an independent
review of these objectives. A Congressional review of this type for the
National Institutes of Health’s research program is currently underway.”
Concerns have been raised that funding for particular NIH programs may
be based more on the strength of a particular advocacy group’s voice than
on scientific merit. One consequence of this is that the flexibility NIH
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needs to set research priorities has been reduced, potentially shutting off
promising avenues of research in other areas. Although federal funding
for health research continues to grow, there is still a limited amount of
money available, meaning that some promising research goes unfunded.
To ensure that the money we spend is used wisely and to the greatest
effect, Congress and the NIH need to change the way health and medical
research priorities are set. The Congressional review now in progress, as
well as a recently-completed report from the Institute of Medicine,* are
examples of attempts to address this problem.

In general, research and development in federal agencies, depart-
ments, and the national laboratories should be highly relevant to,
and tightly focused on, agency or department missions, and must
focus on essential programs that are well-managed, long-term, high-
risk, non-commercial, and have great potential for scientific discov-
ery. Furthermore, once this focus is established the emphasis must
be placed on performance of the research function, with a conscious
effort to minimize administrative and auditing expenditures.

2. Maximizing efficiency, accountability and success in the federal
research enterprise

While Congress appropriates money for various federal research
programs, it is the taxpayers of this country who actually pay the bills.
Science cannot ignore this fact and hope to operate successfully. Vannevar
Bush recognized this, and so even while he —
championed the merits of curiosity-driven Scientists alone can estab-
research done by independent researchers, |ish the obiedives of their
he nevertheless recognized that this . .
research ought to be done with overarch- reseur(h’ but society, in
ing goals in mind. He outlined three such exlending support to
goals: defense, the economy, and health.

Witness testimony reflected the .
current relevance of this point. Mr. Jim of its own needs.
McGroddy, a former Vice President for
Research at IBM, pointed out that John F Kennedy (1917-1963) [1963]
“Science has also benefited, both in the
quality of science itself, and most certainly, in its ability to contribute to
Bush’s three goal areas, by a number of mechanisms which couple the
science to its larger societal goals. When science is effectively managed, via
a collaborative effort of the scientists themselves and their supporting and
benefiting constituencies (or their surrogates), we get the best of both

science, must take account
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worlds.”” Mr. Conrades made a similar point: “Like any far-reaching
enterprise that comprises hundreds of institutions and thousands of work-
ers, America’s basic research establishment must constantly renew itself in
response to changing conditions in global
While Congress appropriates economic, political, and scientific markets.
This enterprise must also recognize the legit-
imate expectations of the society that
research programs, it is the supports its efforts.”*

The basic research enterprise in this
country is as dependent on the taxpayers who
finance this effort as it is on the scientists who
carry out the actual research. In order to
maintain the public’s support for science in an era of limited funds for
research, an emphasis on both maximizing the return on the taxpayer’s
investment and the setting of research priorities is necessary. While it may
be paradoxical that the research that is most important for the federal
government to fund is the most difficult to explain to the American
people, maximizing success, efficiency and accountability within the
federal government’s research programs are critical to sustaining support
for the basic research enterprise.

money for various federal

taxpayers of this country who

actually pay the bills.

2a. Maximizing efficiency within the national labs

The national laboratories are a unique national resource within the
research enterprise. They offer an environment that is highly conducive to
interdisciplinary research as they are unencumbered by the artificial lines
of separation that divide universities into departments. In addition, they
have access to large, expensive equipment that would be difficult for a
university department—and impossible for the individual investigator—
to afford. Finally, security procedures that would be difficult to employ in
other settings allow them to carry out classified research relevant to
national security needs.

The rapidly expanding field of computational science represents one
area in which the resources available in our national laboratories may
thrust these centers to the forefront of a new scientific paradigm. Scien-
tific hypotheses are usually pursued—and tested—by experimentation,
but there are some scientific questions of such large scale that they cannot
be adequately broken down into testable components. Some of these
questions pose challenges that cannot be ignored. For example, our deci-
sion to cease nuclear weapons testing has meant that we must devise new
ways of determining whether our aging nuclear stockpile is stable and thus
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safe—without actually performing the ultimate physical test: detonation.
Computational science is a potential solution to this dilemma, and
the national laboratories are at the forefront of developing the techniques
and tools that will enable the massive computational power necessary.
Similarly, determining which nuclear fusion process holds the most
promise for future electric power generation, and designing a reactor to
contain the process and extract the power requires extremely complex
and difficult calculations. Again, computational modeling techniques
provide a possible answer.

Nevertheless, concerns that national laboratories are not pursuing
their mission either effectively or efficiently have made them the subject
of numerous efforts to reform and improve their management and opera-
tions, most notably, in the 1995 “Galvin Report” Alternative Futures for the
Department of Energy National Laboratories.”” Suggesting that current
management systems were stifling creativity and innovation and not
providing effective high-level focus on the operations of individual labo-
ratories, the Galvin Report recommended an approach—*“corporatiza-
tion”—that would enable individual research laboratories to operate
more effectively. This process, which would involve the creation of a new
not-for-profit R&D corporation, would be implemented with the goal of
reducing unnecessary overhead and management inefficiencies. While the
Department of Energy did establish the Laboratory Operations Board in
response to the Galvin Report, unfortunately no progress has yet been
made on implementing more fundamental reforms.

A national laboratory not involved in defense missions should be
identified for participation in a corporatization demonstration
program. A private contractor should be selected to take over day-
to-day operations of the lab, and the Department of Energy should
be required to slash duplicative overhead requirements at head-
quarters that might otherwise limit the ability of the laboratory to
take full advantage of private sector management techniques.

2b. Maximizing accountability through the Government
Performance and Results Act

Sensitivity to societal needs such as health, defense and jobs is one
way in which the scientific enterprise should be accountable to the Amer-
ican people. But the federally funded research enterprise also has the
obligation to ensure that the money spent on basic research is invested
well and that those who spend the taxpayers’ money are accountable to
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them. The Government Performance and Results Act* was developed for
the purpose of providing such accountability across all of the federal
government.

Application of the Results Act to the
mission-directed research taking place inside
the national laboratories and federal agencies is
turns and researchers must be ~ akin to the practice in the business world of
using “roadmaps” that were developed earlier
in order to detail overall goals and estimated
pafed bends in the road to timetables to measure success of a research
program. When scientific or engineering
research is performed in the context of attain-
rewarding paths. ing a particular goal or mission it is very impor-
tant that some measure of research perfor-
mance accountability be used to gauge whether the research program is
effective. As Mr. McGroddy said in his testimony, “Science is not so differ-
ent from other human activities that it cannot benefit from external
inputs, from management. And science is too critical...for it to be short-
changed in...the wisdom with which we manage this critical resource, this
large investment.”?

It is vital that application of the Results Act to federal science
projects not result in a loss of efficiency by overwhelming scientists with
burdensome bureaucratic obligations and distracting them from their
research efforts. Equally important is the need to maintain flexibility in the
scientific pursuit of mission goals. Science often takes unexpected turns
and researchers must be able to follow these unanticipated bends in the
road to follow new, potentially more rewarding paths. We cannot simply
apply the Results Act to science in the same manner it is applied elsewhere
in the government. If in implementing the Results Act we allow govern-
ment officials to ignore the judgment of scientists, we will have failed in the
underlying goal. In order to apply the Results Act to science programs in
an effective way, scientists themselves must be involved in establishing the
actual framework through which the Results Act can work.

Science often takes unexpected

able to follow these unantici-

follow new, potentially more

Government agencies or laboratories, especially those pursuing
mission-oriented research, should employ the Results Act as a tool
for setting priorities and getting the most out of their research
programs. Scientific research programs not meeting these goals
should be eliminated or decreased in order to enable new initia-
tives in promising areas of scientific research.
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Applying the Results Act to understanding-driven basic research is
even more complex, as the payoffs stemming from basic scientific research
are often realized far downstream from the time the research is
performed, and scientific progress is often most profound when research
reveals wholly unexpected results. It is the very nature of fundamental
scientific inquiry that not every experiment will succeed though some few
will succeed spectacularly. As in an investment portfolio, it is never appar-
ent at the outset which individual investment will pay off. Thus, the deter-
mination of whether the nation’s basic research investment is successful
requires a balanced research portfolio, a long-term view and a tolerance
for less-than-perfect success rates.

In implementing the Results Act, government bodies that distribute
investigator-driven grants such as NIH, NSF and the Department of
Defense should measure success in the aggregate and not on the
basis of individual research projects, perhaps by using a “research
portfolio” concept.

2c. Maximizing success through research partnerships

Effective partnerships among various entities in the research enter-
prise can be a valuable means of leveraging the federal government’s
research investment. This view was summarized by Dr. Lewis Branscomb,
former Director of Research at IBM and Professor Emeritus at Harvard
University, at a hearing devoted entirely to the subject of partnerships. “If
we truly believe in lean government, in leveraging private talent and capi-
tal, in knowledge infrastructure to make America the most attractive and
productive place in the world for research-based innovation, partnerships
will be an increasingly important tool,” he said.”

Research partnerships can take on many different forms. As Dr.
Branscomb said of the various combinations of research partnerships,
“They are found among all combinations of the three most important
types of research institutions: universities, industrial laboratories, and
‘national’ laboratories. If you imagine a triangle with each type of research
institution at the vertices, there are important links among each pair.” Dr.
Branscomb continued by describing the central role that the government
plays in these interactions due to its role in funding research: “Sometimes,
you will want to imagine government—both federal and state—agencies
in the center of the triangle, using their influence and resources to encour-
age the various links in the triangle.”

29



While different partnership combinations have different require-
ments, a few basic principles for the structuring of successful research
partnerships were identified over the course of this Study. First, partici-
pants should have common goals and complementary skills, and should
understand and accept the others’ priorities. Second, the partnership must
be based on a shared interest in the research that will be performed and
provide each participant with meaningful results. Finally, participants
must set explicit outcome goals and procedures before the collaboration
begins. Finally, trust and communication between partners is critical to
success and must be cultivated.

(1) Cooperative Research and Development Agreements
(CRADASs)

Partnerships between federal agencies or national laboratories and
industry and/or universities are often formalized in the form of CRADAs.
Dr. David Mowery, a Professor at the University of California at Berke-
ley, stated in his testimony that “Federal agencies and research laborato-
ries have signed hundreds of CRADASs since the late 1980s; between 1989
and 1995, the Department of Energy alone signed more than 1,000
CRADAs.”#

CRADAs are an effective structure for partnerships. They serve a
dual purpose by helping to leverage federal research funding and allow-
ing research conducted by federal agencies to benefit more quickly the
U.S. economy through technology commercialization by the private
sector. To ensure that private funds are being used appropriately to lever-
age federal research funds, research sponsored through CRADAs must
assist agencies in fulfilling their mission.

During the hearings, issues were raised about the difficulty of nego-
tiating intellectual property rights among CRADA partners and the
appropriateness of foreign-owned subsidiaries participating in CRADAs.
The latter is an issue of significant importance since, according to Dr.
Branscomb, “Foreign direct investment in American research establish-
ments is the most rapidly growing sector of U.S. research.”

When the research effort involved in a CRADA fulfills a legiti-
mate mission requirement or research need of the federal agency
or national lab, these partnerships should be encouraged and facil-
itated. Within that context, Congress should continue to review
and fine-tune the CRADA process to ensure that it benefits both
the pursuit of scientific knowledge and U.S. competitiveness and
that partnership selection is open, fair and appropriate.
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(2) University/industry partnerships

As universities seek ways to leverage their federal research dollars
and companies look for opportunities to capture basic research results
without building up expensive in-house research programs, partnerships
between university researchers and industrial entities have become more
prevalent.

The potential benefits to universities from partnerships with indus-
try were outlined by MIT President Charles Vest in his testimony before
the Committee. “Over the longer term, collaborations can have a trans-
forming effect on the ability of institutions to attract high quality faculty,
to encourage faculty and their students to interact more closely with
industry, and to design curricula and academic programs better attuned to
the needs of industry and the challenges we face as a Nation.”*

Nonetheless, a number of challenges must be addressed if universi-
ties and industry are to collaborate effectively. First, universities must not
lose sight of their ultimate aim of teaching students and performing basic
scientific and engineering inquiry. As Dr. Vest stated, “Universities should
work synergistically with industry; they must not be industry. Unless
universities retain their culture, base of fundamental research, and educa-
tional mission, they will not have value to bring to the partnership.”

Second, university researchers who benefit from federal funds
should not be discouraged from publishing or otherwise disseminating
their research results—a practice critical to furthering the pursuit and
dissemination of scientific knowledge—due to proprietary claims to these
results made by their industry partners. This point was underscored by Dr.
Mowery, who noted, “Unbalanced policies, such as restrictions on publica-
tion, raise particular dangers for graduate education, which is a central
mission of the modern university and an important channel for university-
industry interaction and technology transfer.”

Finally, private sector entities that partner with universities should
not view their university partners as full-fledged substitutes for their own
research programs. There is a concern that the amount of basic research
done in private sector labs has been steadily declining, and university
partnerships should not become excuses to dismantle “in-house” research
activities.

Dr. Branscomb summed up these points when he described the impor-
tance of evaluating the motives of potential partners in a collaboration
between universities and companies. “If the universities value the partner-
ship as a means of exposing faculty and students to leading-edge technical
issues that are driving innovations of benefit to society, and are not basing
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their expectations primarily on revenues from patents, a stable, productive
relationship may endure. If the firms see universities as sources of new ideas
and as windows on the world of science, informing their own technical
strategies, rather than viewing students as a low-cost, productive source of
near term problem-solving for the firm, they too will be rewarded.”

University-industry partnerships can be mutually beneficial and
provide benefits to the participants and the research enterprise as
a whole that could not be realized within the same time frame
were the two entities to work in isolation of each other and should
therefore be encouraged. However, the independence of the insti-
tutions must be protected and their differing missions respected.

(3) International collaborations

Although science is believed by many to be a largely individual
endeavor, it is in fact often a collaborative effort. In forging collaborations,
scientists often work without concern for international boundaries. Most
international scientific collaborations take place on the level of individual
scientists or laboratories. For example, two or more laboratories may
agree to work together by providing complementary approaches to a
scientific problem. Or individual scientists themselves may travel to other
countries to work in another researcher’s lab as a professor on sabbatical,
for example, or for all or part of post-doctoral or graduate training. Or,
they may take advantage of breakthroughs in communication technology,
by sharing ideas and research—and even using distant experimental
equipment by remote control—via the Internet.

International collaborations are not limited to those that take place
on the level of the individual scientist or laboratory, however. The U.S.
government participates in a number of larger scale collaborations.
According to the testimony of Ms. Caroline Wagner, a Senior Analyst at
RAND’s Critical Technologies Institute, “Ten agencies dedicate signifi-
cant portions (more than $1 million each) of their federal R&D budgets
to international cooperative activity. These are, in descending order of
spending: NASA, the Department of Defense, the Agency for Interna-
tional Development, the National Science Foundation, the Departments
of Energy and Health and Human Services, the Smithsonian, the Envi-
ronmental Protection Agency, the U.S. Department of Agriculture, and the
Department of Commerce.”*

One rationale for entering into international science collaborations
is that the costs of large scale science projects, such as colliders for high-
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energy physics research, can be shared among the participating countries.
Homer Neal, a physicist at the University of Michigan, said in his testi-
mony, “With the demise of the SSC (Superconducting Super Collider),
and the message we have received that the expense associated with our
field is now sufficiently high that most subsequent projects should be
international in scope, many American university physicists have joined
one of the two approved LHC [Large Hadron Collider] structures.”*

Dr. Bruce Alberts, President of the National Academy of Sciences,
underscored this point. “Some research facilities are so expensive that
international collaboration is necessary in order to make them affordable.
In order for the U.S. to be able to capitalize on discoveries made else-
where and facilities located elsewhere, we must have world-class
researchers who maintain constant communication and work frequently
in collaboration with the best scientists in other countries.”?’

The justifications for participation in international science projects
go beyond those of cost-reduction for large programs. As Dr. Alberts
pointed out, “The U.S. can benefit scientifically through increased inter-
national cooperation because many scientific and technological advances
are made in other countries. A growing fraction, already over half, of all
scientific articles have foreign authors.”

In general, partnerships involving U.S. participation in interna-
tional science and space exploration should be pursued only when
they serve to further science and are in the national interest. The
U.S. should enter into such co-operative arrangements with foreign
governments only when entry reduces the cost of undertaking
research projects and missions the U.S. government would likely
pursue unilaterally, enables the U.S. to pursue research projects
and missions that it would not pursue otherwise, or enhances the
capability of the U.S. to use and develop scientific research for the
benefit of its citizens.

Dr. Neal described one example of a successful international collab-
oration: the European Organization for Nuclear Research (CERN) in
Geneva, Switzerland. “[It] is perhaps the most successful international
laboratory in the world...The Laboratory has a management structure
that ensures that only high quality scientific projects are embarked upon,
that all projects are continually reviewed to check that they are on sched-
ule and on budget, that basic services are provided for visiting scientists
and students, and that the overall intellectual vitality of the Laboratory
remains high.”
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Not all international collaborations have been so successful,
however. In describing problems encountered during joint Russian-U.S.
endeavors aboard the Russian Space Station (Mir), Admiral James
Watkins, President of the Consortium for Oceanographic Research and
Education, said in his testimony, “The precedent [Mir] sets, therefore, is
one of our Nation appearing to lack the conviction of leadership in mean-
ingful international collaborations...experiences with Mir to date could
have at least been foreseen as one possibility and hence could have been
agreed to as a legitimate basis on which the U.S. would extract itself from
the agreement.”*

The pitfalls illustrated by the Mir example and the current troubles
with the project to build the even larger International Space Station
underscore the need to develop criteria that Congress can use to deter-
mine whether or not the U.S. should enter into a particular international
scientific agreement.

A clear set of criteria for U.S. entry into, participation in, and exit
from an international scientific project should be developed. Both
successful and less successful ventures should be analyzed to
develop these criteria.

Because large-scale international science projects often take place
over many years, the annual appropriations cycle in Congress can result in
unstable funding for these projects. This affects the ability of the U.S. to act
as a dependable partner in these agreements. As Admiral Watkins put it in
his opening statement, “We are viewed as an unreliable partner by the
G-7 and those other allies eminently qualified to partner on large-scale
and societally-meaningful basic research.” This lack of reliability affects
our ability to take part in scientific projects that, ultimately, have the
potential to benefit greatly science and, in turn, our Nation.

The importance of stable funding for large-scale, well-defined
international science projects should be stressed in the budget
resolution and appropriations processes.

Finally, because it is important that international science projects not
appear to be simply foreign aid, proposed scientific facilities for projects
where the U.S. is a major funder should not be located outside of the U.S.
unless there is a compelling rationale to do so.

It must be recognized that, in projects with international partici-
pation, funding priority must be placed on the U.S.-based compo-
nents when the U.S. is a major contributor of funds.
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C. New Roles and Responsibilities for
American Science

Science and technology, and the various forms of art, all unite humanity in a
single and interconnected system. As science progresses, the worldwide coop-
eration of scientists and technologists becomes more and more of a special
and distinct intellectual community of friendship, in which, in place of antago-
nism, there is growing up a mutually advantageous sharing of work, a coor-
dination of efforts, a common language for the exchange of information, and
a solidarity, which are in many cases independent of the social and political

differences of individual states.

Thores Aleksandrovich Medvedev (1925-) [1970]

America’s position as the world’s only superpower and its pre-
eminence in science and technology suggest important new roles for U.S.
science policy in the international context. As Dr. Alberts stated in his
testimony, “International science and technology cooperation is also
necessary in order to make progress on many common problems in envi-
ronment, health, food, water, energy and other global challenges...It is
greatly in our interest that wise and informed decisions be made by other
countries and international organizations in addressing these common
problems. We have a great opportunity to
develop more rational decision-making in  “In a world full of conflicting
foreign countries through working with the
scientific organizations in those countries, so as
to help them become more respected and needs, scientists everywhere
involved in advising their governments.”

Democracy itself may be furthered
through science. Dr. Alberts made this point as  culture ... Knowledge is power,
well. “In a world full of conflicting cultural
values and competing needs, scientists every-
where share a powerful common culture that  widely across the globe also
respects honesty, generosity and ideas inde-
pendent of their source, while rewarding
merit...Knowledge is power, and diffusing favors democracy.”

cvitvral valves and competing

share a powerful common

and diffusing it much more

provides a strong force that
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it much more widely across the globe also provides a strong force that
favors democracy.”

For these changes to take place, however, a scientifically coordi-
nated, coherent and informed State Department must be ready to help
formulate scientific agreements and implement a framework for a world-
wide approach to science and technology that is in America’s interest.
However, according to testimony of the witnesses, this scientific expertise
and commitment is severely lacking within the Department of State.

Admiral Watkins, for instance, noted, “State Department involve-
ment, understanding, and support today can offer the best hope of fund-
ing success tomorrow, but leadership there always seems to be lacking in
both timely enthusiasm and technical qualifications...S&T [science and
technology] counselors assigned to our embassy staffs worldwide are most
often not given a serious role in deliberation on important foreign affairs
matters that have significant technical content.”

Dr. Alberts concurred with Admiral Watkins’ characterization of
science within the Department of State. “Overall, U.S. international rela-
tions have suffered from the absence of a long-term, balanced strategy for
issues at the intersection of science and technology with foreign affairs.”
Dr. Alberts noted, however, that the State Department had recently asked
the National Academy of Sciences to undertake “a study on the contribu-
tions that science, technology and health can make to foreign policy and
to make recommendations on how the department might better carry out
its responsibilities to that end.”

More than one witness suggested that the State Department take
advantage of the technical expertise that exists within various agencies.
“Each of the federal agencies that has large international programs or
cooperative projects has [personnel who] include technical and program
people as well as legal experts for [international] agreements,” said Dr.
Alberts. He continued by saying, “The State Department presently has an
understaffed office to coordinate the substance of cooperation, particularly
when it involves interests of diverse U.S. agencies with potentially differ-
ing interests.”

According to Admiral Watkins, this lack of sufficient technological
proficiency at the State Department has coincided with “an unannounced
reorganization [that] has eliminated the State Department’s senior posi-
tion for international science, technology and health, and redistributed
those functions within a slimmed-down Department bureau that’s increas-
ingly focused on global environmental issues. Yet, it is within this
office...that much of the coordination of major S&T initiatives with other
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Nations should be routinely monitored and overseen in close coordination
with the appropriate government agencies,” according to Admiral Watkins.

Another witness, Dr. J. Thomas Ratchford, Director of the Center for
Science, Trade and Technology Policy at George Mason University
concurred in this observation, saying, “...in spite of successive attempts to
upgrade science and technology as an important element of the policy-
making apparatus of the State Department, science has receded slowly
over the years as a factor in the foreign policy equation. More recently,
resources devoted to science have been diverted for other purposes, espe-
cially the environment.”*

It is interesting to note a parallel between the lack of appreciation
currently afforded science within the State Department and that within
the U.S. armed forces prior to WWII. Early in the Second World War,
Vannevar Bush experienced tremendous frustration in trying to get the
military to embrace scientific research as a major focus of its war effort.
He eventually succeeded, of course, and by the end of the war the various
service branches were competing with each other to establish research-
granting programs. Today, the U.S. risks missing important opportunities
because of the failure of the State Department to fully appreciate the role
of science in its overall mission.

Mechanisms that facilitate coordination between various executive
branch Departments for international scientific projects must be
developed. The State Department should strengthen its contingent
of scientific advisors—particularly within its Bureau of Oceans and
International Environmental and Scientific Affairs, the focal point
for foreign policy formulation and implementation in global envi-
ronment, science, and technology issues—perhaps drawing on
expertise in other departments or agencies to act as liaisons in the
pursuit of international scientific projects.
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lll. The Private Sector’s Role in the
Scientific Enterprise

foundation for progress. For the goals of our society (a vigorous

economy, strong national defense and a healthy populace and envi-
ronment) to be realized, a private sector capable of translating scientific
discoveries into products, advances and other developments must be an
active participant in the overall science and technology enterprise.

The U.S. has always been blessed with a vigorous industrial sector.
Even before the end of WWII, when the federal government began fund-
ing basic research in the sciences and engineering on a grand scale, Amer-
ican corporations were successful in capturing both the fruits of the avail-
able intellectual capital in the world’s universities, as well as the
trademark ingenuity of the independent American inventor, and turning
them into marketable products.

In doing so, these companies often engaged in substantial research
efforts to develop fledgling technologies. For example, the Bell Laborato-
ries of the middle of this century garnered a reputation as a corporate
research facility that pursued truly ground-breaking research spanning
the spectrum from basic to applied. In fact, the development of the tran-
sistor at Bell Labs, an invention that revolutionized the electronics indus-
try and led to the development of radioastronomy, eventually led to the
award of several Nobel Prizes.

Investment in basic research is always a bit of a gamble; not every
research project will pay off. The rewards involved in taking a discovery
and developing it can be enormous. But if the product is never realized, if
its limitations cannot be overcome, or if it simply does not sell, the costs
can be equally great.

For a technology-based company, the question is not really “Should
the company do research?” but rather, “How much?” and “What kind of
research should we focus on?” The needs of different companies vary
greatly. Large, established companies often have greater resources avail-
able, but they may also have shareholders accustomed to regular divi-
dends and unwilling to forgo them for the uncertain benefits of research
that is more basic in nature, and therefore more risky. Such a company

Astrong, dynamic and sustainable basic research enterprise is but a
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may decide to stick to exploration that is largely aimed at refining its exist-
ing products or increasing production.

For the small newcomer, pursuit of research that is far more risky
may be the only way to break into a competitive market. Such young start-
up companies must rely entirely on the initial capital provided by their
investors to finance this research. Indeed, capitalization is the primary
problem faced by many young companies. Some firms fold when the
financial backing runs out with no product in sight. Others hit it big.

A company’s size, however, is not necessarily an indicator of what
type of research it will do. Certain big, highly successful companies main-
tain research divisions whose purpose is to push the boundaries of their
research—and in doing so to risk more—to ensure the company stays
ahead of, and innovates faster than, its competitors.

A. Stimulating Research in Industry

Today’s technology-driven company must bridge the research gap
between basic science and product development if it wants to remain on
the cutting edge of the industry. This research, referred to as “mid-level”
research by MIT President Charles Vest, is typically necessary to develop
basic research results into an emerging technology and then into a
marketable product.

Mid-level research has customarily been performed, and should
continue to be done, in the private sector. The fruits of this research are
proprietary; the company is the primary or even sole beneficiary of any
new technologies. At the same time, the company must also bear the risk
that the research project will not yield any profitable results. The heated
competition generated by a global marketplace and shareholder emphasis
on immediate returns have affected the ability of companies to engage
in mid-level research, particularly that which leans more toward basic
than applied.

Concern has been raised that companies are focusing their research
efforts on technologies that are closest to being marketable—and hence
are likely to be profitable sooner—instead of on projects which will
require a more substantial research investment. This approach is of ques-
tionable long term sustainability. The deployment of industry scientists on
research problems that address largely—or entirely—projects for which
there are expected near-term payoffs suggests that these scientists will
work on a series of short-term research projects and not be encouraged to
take part in longer-term, more exploratory research. This would represent
a clear loss for the overall research enterprise.
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At the same time, the limited resources of the federal government,
and thus the need for the government to focus on its irreplaceable role in
funding basic research, has led to a widening gap between federally-
funded basic research and industry-funded applied research and develop-
ment. This gap, which has always existed but is becoming wider and
deeper, has been referred to as the “Valley of Death.” A number of mech-
anisms are needed to help to span this Valley and should be considered.

1. Capitalization of small companies

First, small “start-up” technology companies must be encouraged.
These young companies often focus initially on a single, largely basic discov-
ery as their ticket into a competitive market, frequently drawing directly
from discoveries made in universities or national laboratories. While indi-
vidually small, in the aggregate these companies provide one of the best
hopes for bridging the research gap between the basic research funded by
the government and the product development pursued by industry.

A large reservoir of funds is available for investing in promising
young technology ventures.” Private sector capitalization of these small,
dynamic companies is a major factor in determining their survival, as often
they must operate in the absence of any revenues for extended periods
and so are dependent on their original capital to pursue the research they
hope will eventually lead to profitability. Because initial capital is so
important to the entry of new technology companies, tax policies that
encourage capital formation are extremely important. Additionally, it
must be remembered that unnecessarily burdensome regulatory policies
are another inhibition to private sector research and should be alleviated
wherever possible.

Private sector capitalization of new technology-based companies
should be encouraged through friendly tax and regulatory policies.
Needlessly onerous regulations that inhibit corporate research
should be identified and either mitigated or eliminated.

2. The Research and Experimentation Tax Credit

The Research and Experimentation tax credit* is an effective means
by which the federal government stimulates private-sector research.
However, the tax credit is not permanent and must be renewed on a yearly
basis by Congress in order to take effect. This has reduced its effectiveness,
because companies are not able to plan on the existence of the tax credit
from year to year, even though potential research